Two experiments are reported in this study. In the first experiment the masking effect of five different types of narrow-band maskers was compared. The masker was either a tone, a narrow-band Gaussian noise, or a multiplication noise obtained by multiplying a sinusoid with a low-pass Gaussian noise. The noise maskers had a bandwidth of either 20 or 100 Hz. In all c•i•es the masker had a center frequency of 1.3 kHz and a duration of 500 ms. Five-point growth-of-masking functions were measured using a 2-kHz tonal target with a duration of 400 ms, temporally centered in the masker. Six subjects participated in the experiment. Although considerable intersubject differences were observed, the data of all subjects showed several common trends. First, the tonal maskers produced more masking than the noise maskers. Second, Gaussian noise maskers produced more masking than multiplication noise maskers of the same bandwidth. Finally, 100-Hz-wide noise maskers produced more masking than 20-Hz-wide maskers of the same type. Differences in masked thresholds between the various masker types generally increased with masker level, and exceeded 25 dB in some conditions. The results are discussed in terms of masker envelope fluctuations. In the second experiment the masking effect was investigated for a bandpass noise at 1.3 kHz, with regular zero crossings, but with the envelope characteristics of a 100-Hz-wide Gaussian noise. Five-point growth-of-masking functions were measured using a tonal target of 2 kHz. Masked thresholds produced by this hybrid masker were not significantly different from those produced by a 100-Hz Gaussian masker, but differed significantly from those produced by 100-Hz-wide multiplication noise. This result indicates that differences in masking between Gaussian and multiplication noise are not due to their different fine structure, but to their different envelope statistics.
INTRODUCTION
The masking behavior of narrow,band signals is generally believed to reflect the spectral selectivity of the hearing system (e.g., Schafer et al., 1950) . When the masker is a pure tone, however, measurements can be plagued by "false cues" such as beats and combination tones (e.g., Wegel and Lane, 1924) . As a remedy, one often uses a narrow-band noise masker instead of a sinusoid (Egan and Hake, 1950). It is tacitly assumed that, apart from the elimination of the forementioned artefacts, this substitution has no effect on the masked thresholds. Under the assumptions of the so called power-spectrum model of masking (Fletcher, 1940; Patterson, 1974) , it is indeed true that equally intense maskers of subcritical bandwidth which are centered around the same frequency, will produce equal masking. This model states that the detectability of a signal in the presence of a masker is fully determined by the signal-to-masker ratio after a linear filter process. As long as the masker bandwidth does not exceed the width of the auditory filters, it is obvious that the predicted amount of masking only depends on the masker's level and center frequency.
On the other hand, the substitution of a narrow band of noise for a tone introduces fluctuations in both envelope and fine structure. These fluctuations may play a role in the masking produced by these stimuli. In fact, it has been reported by several investigators that, under suitable spectral conditions, masker envelope fluctuations can cause a release from masking (Buus, 1985; Mort and Feth, 1986) .
The main goal of the present study is to determine what aspects of a narrow-band masker, apart from intensity and center frequency, determine the maskefts effectiveness. These "secondary aspects" include bandwidth, regularity of fine structure, and fluctuations of the envelope. Their importance can be assessed from a comparison between the effect of maskers that differ systematically in these aspects. Experiment II is designed to discriminate between the two aspects in which Gaussian noise and multiplication noise differ. For this purpose we constructed a "hybrid" masker which has regular zero crossings but a Rayleigh-distributed envelope. A comparison of the masking effectiveness of this hybrid masker with the two other noise maskers will reveal which aspect of the maskers is responsible for masking differences. If masking functions of the hybrid masker coincide with those of multiplication noise, then dearly the difference in masking is due to the regularity of the fine structure. Conversely, if the hybrid masker and Gaussian noise produce equal masking, then it is the envelope distribution that makes the difference.
I. EXPERIMENT I
A. Method
Stimuli
Simultaneous growth-of-masking functions (signal level at threshold versus masker level) were obtained for five types of maskers. The maskers were either a sinusoid (T), a bandpassed Gaussian noise (G), or a 'multiplication noise' (M), obtained by multiplying a sinusoid with a low-pass Gaussian noise (the bandwidth of this stimulus is two times the bandwidth of the original low-pass noise). The noise maskers G and M had bandwidths of either 20 or 100 Hz and were centered at 1.3 kHz. For each masker type, masked thresholds were measured at masker levels of 60, 66, 72, 78, and 84 dB SPL. All maskers had a duration of 500 ms. The signal was a 2-kHz sinusoid with a duration of 400 ms, temporally centered in the masker. Both the target and the masker were provided with 20-ms Harming ramps. A bandpassed Gaussian noise with a lower cutoff frequency of 500 Hz and a higher cutoff frequency of 800 Hz was added to each masker interval to prevent subjects from using distortion products at 600 Hz (cubic difference tone) and 700 Hz (quadratic difference tone) as a detection cue. Its total level was always 25 dB below the total level of the 1.3-kHz masker. Data of Zwicker (1979) indicate that this level is sufficient to mask the forementioned distortion products. This was confirmed by a series of pilot studies.
All stimuli were digitally generated at a 32-kHz sampling rate and played out using the built-in 16 bit D/A converters of a Silicon Graphics Iris computer. Before each mn a 4-s circular noise buffer was calculated according to the masker specifications of the run. From this buffer, 500-ms samples were drawn randomly from that buffer for each stimulus. A new buffer was calculated for each ran.
Bandlimited Gaussian noise was produced as follows. In the present experiment, the spectral distance between masker and target is sufficiently large (about 700 Hz) to make the influence of direct masker-target interactions (beats) very unlikely. In addition, the 1.3-kHz masker is in the region of the "shallow tail" of tuning curves measured at 2 kHz (Stelmachowicz and Jestcart, 1984) . This means that the amount of masking is fairly insensitive to the masker frequency. Since all maskers used here have the same center frequency, and the spectra are only different in terms of bandwidth, spectral influences on the observed masked thresholds would in any event be second-order effects. The fact that both spectral effects and direct masker-target interaction play a minor role in the observed masking differences, points to the role of differences in the character of masker fluctuations. Before investigating this aspect in detail, we will now briefly discuss the various properties of the results of experiment I, and relate them to relevant studies reported in the literature.
The fact that masker fluctuations (both deterministic and stochastic) can give rise to a release from masking, has been reported by several authors (Buus, 1985; Mott and Feth,
1986; Moore and Glasberg, 1987). Buus (1985) observed the effect with both deterministic maskers (two-tone complexes)
and stochastic maskers (narrow-band noise). For both masker types he used targets with a frequency at least 1.5 times the frequency of the highest masker component. He pointed out that the release from masking occurring with a stochastic masker is at odds with energy-detection models of masking (e.g., Green and Swets, 1966), which predict an increase of masking due to the introduction of masker uncertainty.
The differences in masking between the various noise maskers mainly appear as different slopes of the masking functions. This level dependency of masking differences is dearly demonstrated in Fig. 2, which shows tered around 1500 Hz; they had bandwidths between 50 and 60 Hz. These four maskers have the following characteristics of fine structure and envelope. For the tone and the FM noise, the envelope is constant, while for the other two noise types, it is stochastically varying. The fine structure (i.e., the temporal distance between subsequent zero crossings) is regular for the tone and the multiplication noise, while it is fluctuating for the FM and the Gaussian noise. Mott and Feth (1986) found no significant difference in masking between the tone and the FM noise. In the region from 2 to 3 kHz the thresholds were highest for the tonal masker, about 10 dB lower for the Gaussian noise, and another 5 dB lower for the multiplication noise. These observations agree qualitatively with those of the present study.
Mott and Feth (1986) attributed the difference in masking between M and G noise to differences in fine structure; the multiplication noise has regular zero crossings, while the Gaussian noise does not. By concentrating on this aspect, they ignored another distinction between the two types of noise, namely, their envelope statistics. The envelope of Gaussian noise has a Rayleigh distribution, whereas the envelope distribution of multiplication noise is the positive haft of a Gaussian distribution with zero mean (the envelope being the absolute value of the low-passed Gaussian noise used as the multiplicator). The latter has a maximum at zero (corresponding to the zero crossings of the low-passed noise used as the multiplicator), while in Gaussian noise the probability that the envelope is zero vanishes (cf. Fig. 3 ). Any strategy using minima in the envelope to improve detection will be sensitive to the differences of envelope statistics. This will be true regardless of the exact nature of the proposed strategy. In the second experiment reported in this paper, we investigate which aspect of the noise makes M a less effective masker than G: its different envelope distribution or its regular fine structure. in fine structure are responsible for the differences in masking produced by Gaussian and multiplication noise.
II. EXPERIMEHT I

III. SUMMARY AND GENERAL DISCUSSION
In Experiment II it is found that differences in envelope statistics rather than fine structure are responsible for the different masking behaviour of Gaussian and multiplication noise. This being established, we can now summarize the factors that determine the masking differences between the various narrow-band maskers used in the present study: --level: differences between the various masker types increase with masker level; at low masker levels the masked thresholds converge. 
